The MMSE consists of 20 items and scores from 0 to 30 points, where the higher scores indicate better cognitive functioning. The questions are injurious falls in the elderly significantly affect healthcare costs. 9 Between 0.85% and 1.5% of total healthcare expenditure is spent on the medical repercussions of falls. 10 Falls are complex incidents caused by a combination of intrinsic impairments and disabilities with or without accompanying environmental hazards. 6 The functional status of the elderly may be affected by a history of infections. Respiratory tract infections (RTIs) are a common cause of death and may lead to the deterioration of overall health. 11 Similarly to falls, infectious diseases lead to increased rates of hospitalization, morbidity and mortality in the elderly, especially among people older than 85 years of age. 12 Owing to the physiological changes associated with aging, the presence of coexisting diseases, and the environment in which they reside, nursing home residents are more susceptible to infections. 13 It has been widely accepted in geriatric literature that a fall may be the first indicator of numerous acute problems, such as infection. 3 Nevertheless, there are a paucity of data in the available literature directly examining the association between infections and falls. Therefore, the aim of the present study was to assess the relationship between RTIs and the incidence of falls and to further link the history of falls to a functional status in nursing home residents. We hypothesized that infections may significantly increase the risk of falling among older institutionalized subjects.
PAtIEntS And mEthodS Patients
The study was conducted from May 2008 to March 2011 and involved residents aged 65 years and older of 3 nursing homes. The inclusion criteria were age, ability to participate in physical function (balance and gait) tests, verbal communication efficiency, and patient's consent. Of all nursing home residents, fewer than 40% were able to participate in the study (residents with severe dementia or who were bed-ridden were excluded).
A total of 255 nursing home residents who met the inclusion criteria (213 women and 42 men; age, 65 to 99 years; mean age, 79.1 ±7.3 years) participated in the study. Participants had been diagnosed with the following concomitant diseases: arterial hypertension (n = 198), chronic heart failure (n = 188), ischemic heart disease (n = 153), history of myocardial infarction (n = 36), history of stroke (n = 62), diabetes (n = 56), osteoarthritis (n = 145), eye diseases (n = 94), osteoporosis (n = 96), urinary incontinence (n = 146), fecal incontinence (n = 88), hypercholesterolemia (n = 77), depression (n = 63), chronic obstructive pulmonary disease (n = 63), gastrointestinal diseases (n = 55), and cancer (n = 26). Moreover, 116 patients (45.5%) were vaccinated for influenza during the last year. Thirty-two subjects (12.6%) were current smokers. Clinical data were confirmed with medical records obtained from nursing homes and family physicians. The study was approved by the Bioethics residents with a history of a fall suffered from more infections than those without such history. Among 104 subjects with a history of falls, 81 seniors (77.9% of the group with a fall) suffered from at least 1 infection during 1 year. Infections were reported in 88 of 151 nonfallers, representing 58.3% of the group without any history of a fall (tAbLE 1).
A comparison of the group with at least 1 fall and a fracture with the group with no fracture during 1 year is presented in tAbLE 2. Of the 104 nursing home residents who had fallen in the last year, 17 had experienced a fall-related fracture. These subjects were characterized by a lower WHR and had a tendency towards a lower BMI and a worse nutritional state according to the MNA scale as compared with the group without a fracture. A group of seniors with a history of a fall with a fracture had lower scores in the ADL and IADL tests. A tendency towards a worse functional status was also noted with the TUG test: among 17 people who had suffered a fracture, no one was classified as "mobile" according to the TUG test. A significant correlation was observed between the number of infections and the incidence of fractures. Of 17 subjects who suffered fall-related fractures, 15 had at least 1 infection (88.2% of this group), while among 238 people who did not suffer a fracture, 154 (64.7%) had an infection (tAbLE 2).
In the logistic regression model, the effect of all independent variables on a dependent variable, namely, the incidence of falls and fractures, was analyzed simultaneously. Independent variables included age, sex, concomitant diseases, current smoking, infection incidence, influenza vaccination, anthropometric data (BMI, WHR), nutritional status (calf circumference, MNA), and physical (ADL, IADL, TUG) and mental (MMSE, GDS) functioning.
The number of infections per year was the only independent predictor of fall incidence (OR, grouped into 7 categories, each representing a different cognitive domain or function. The GDS contains 15 questions characterizing a person's depressive status.
Statistical analysis Data were assessed for normality of distribution and equality of variances. The one-way analysis of variance, Mann-Whitney test, and χ 2 test (3 × 2 and 2 × 2 with Yates' correction) were used to compare the groups. A multiple logistic regression was used to verify whether RTIs were independent predictors of fall and fracture incidence in nursing home residents. Odds ratios (OR) and confidence intervals (CI) with 95% confidence limits were calculated. The values for number of infections per year were normalized using a log transformation for the purpose of multivariate statistical analyses. A statistical analysis was performed using the statistical program, Statistica 10th CSS. The results of the quantitative variables are presented as means ± standard deviation. The level of significance was set at a P -value of 0.05 for all analyses.
rESuLtS A comparison of the group with at least 1 fall with the group without falls during 1 year is presented in tAbLE 1. A total of 104 subjects of the 255 surveyed had a history of at least 1 fall during 1 year. The falls occurred with a similar frequency in men (36%) and women (42%). There was a tendency which indicated a relationship between an increased risk of falling and the age of the respondents, as well as between the occurrence of a fall during the last year and a worse nutritional status as measured by the MNA questionnaire and a worse functional status according to the ADL scale. The values of BMI, WHR, IADL, calf circumference, MMSE, and GDS did not differ significantly between the 2 groups. A significant correlation was observed between the number of infections and the occurrence of falls: nursing home although infections have been widely considered as risk factors of falls, direct evidence on this relationship has been scarce. There has been only one available study that reported a relationship between urinary tract infections and fall incidence in the nursing home setting. 27 Early identification of older people with RTIs as being those with a high risk of falling will enable preventive action to be taken at the right time. Such strong associations obtained in the the current study emphasize the importance of infections as a factor contributing to an increased risk of falling and point to the need for programs of fall prevention, for instance, vaccination against influenza. Long-term studies have confirmed that there is a significant association between vaccinations and a reduced risk of hospitalization due to influenza, pneumonia (about 27%), and death (about 48%) of older community-dwelling adults. 28 Meanwhile, in Poland, despite the recommendation to older people over 70 years of age to take advantage of vaccination programs, especially those who are nursing home residents, only a little more than a quarter of the surveyed population have ever been vaccinated in their lifetime, and only half of them were vaccinated last year.
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The majority of the available studies demonstrated that the risk of falling and of related injuries increases with age.
8 In our study, a trend towards a significant relationship between age and the risk of falling was observed. As a rule, women fall more frequently, which is due to the fact that age-related limitation of physical activity is greater among women than among men, possibly because of greater (age-related) fear of falling.
8, 23 A fear of falling is reported by 70% of those who have fallen, and, in turn, it limits daily activities and further increases the risk of falling. 7 The effect of chronic diseases and deterioration of physiological indicators, such as a greater and more rapid rate of decline in lean body mass, may differ between men and women. 23 Women 1.40; 95% CI, 1.12-1.74; P = 0.0003). Similarly, the number of infections per year was the only independent predictor of falls with related fractures (OR, 1.36; 95% CI, 1.00-1.87; P = 0.018).
dIScuSSIon The risk of falling is associated with various factors, including internal (dependent on the patient), external (dependent on the environment), or behavioral factors (dependent on the type of activity undertaken). 23, 24 Clinical experience and the results of previous studies showed that multidirectional fall prevention strategies are the most effective among the elderly. They can reduce the number of falls by 20% to 45%.
6 Therefore, identification of risk factors can help develop more effective intervention programs. The most important conclusion of the present study is that there is a significant relationship between the history of RTIs and the risk of falling in older nursing home residents. Our results showed that infections accompany the falls of almost 78% of the seniors with a history of falling. Furthermore, it has been shown that infections are strongly associated with the occurrence of fractures: the presence of at least 1 infection affects as many as 88% of the subjects with a history of fracture. After adjustment for other covariates in the multivariate model, RTI remains an independent predictor of incidence both of falls and falls with a fracture.
The population of elderly patients living in nursing homes is more susceptible to infections owing to physiological changes associated with age (reduced immunity and ciliary transport, cough reflex, weaker ventilation), coexisting chronic diseases, and the characteristics of the environment in which they live.
13, 25 Every acute disease increases the risk of falling through the deterioration of the general condition and mobility of the patient. In addition, a fall among elderly people, as a nonspecific symptom, may be the first manifestation of acute illness or exacerbation of a chronic disease. 3,25,26 Surprisingly, Data are presented as mean ± standard deviation.
Abbreviations: see tAbLE 1 Several limitations of the present study should be acknowledged. Usually, subjects with relatively good physical and cognitive functional status are able to participate in such studies, and especially to undergo functional tests. In the present study, only about 40% of all nursing home residents were able to participate. The frequency of falls is usually prone to underreporting, and it cannot be excluded that this was also the case in the present survey. Finally, the study focused on the association between RTIs and fall incidence, but other infections (e.g., of the urinary tract) may also contribute to this relationship.
We conclude that the risk of falling and fracture in nursing home residents is associated with the occurrence of RTIs. A low WHR is a risk factor for falls with fractures. Older subjects who experienced a fall with a fracture are characterized by a worse functional status. Preventing infections may probably reduce the number of falls and fractures in older residents of the nursing homes.
are more likely than men to experience nonfatal falls, but men are more likely to experience fatal falls. 30 Half of the nursing home residents fall at least once a year, and from 3% to 6% of the falls are followed by a fracture.
6, [31] [32] [33] In our study, 41% of the respondents experienced at least 1 fall during 1 year, but more than 16% of the falls resulted in fractures. Perhaps this large percentage is due to the large proportion of women in the study group (more than 80%). Moreover, it cannot be excluded that not all falls, especially those which are not accompanied by a fracture, were recorded.
Malnutrition is a common problem in the older population. It causes deterioration of functioning, increased bone and muscle loss, and increased risk of falling. 16 In our study, a general relationship between nutritional status and fall or fracture incidence has been observed. The role of the greater accumulation of fat in reducing the risk of fractures (particularly femoral neck fractures) is explained by 3 mechanisms: greater support of the bone, the shock-absorbing function of the soft tissues during the fall, and an increased ability to produce endogenous estrogen. 34 The elderly population is not recommended to lower their BMI below 25 kg/m 2 (the upper limit of the normal range according to the World Health Organization), not only because of the lower risk of some fractures but also because of the increased survival of people who are within overweight BMI range (25-30 kg/m 2 ).
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The accumulation of physical and mental deficits that occur among older people may reduce the ability to perform daily routine activities and increase the likelihood of a fall. According to Chu et al., 36 fallers experience a greater decrease in the score for basic activities of daily living and complex activities of daily living. In a Finnish cohort study with an 8-year follow-up, fractures associated with falls were found to be an independent factor associated with functional decline in the elderly. 37 An inverse relationship has also been observed: functional deficits, as an independent factor, increase the risk of falls and fractures. 38 Also, in the present study, we observed a number of associations between physical functioning (ADL, IADL, TUG) and a history of falling and fractures.
Both restricted mobility and a history of falling (and to a greater extent, a history of fall and fracture) lead to functional decline and fewer social contacts that provide the so called positive support.
7 This may affect a further deepening of functional deficits but also lead to depression or deepen its symptoms. Chu et al. 36 suggested that low activities of daily living and depression are 2 significant risk factors of first and recurrent falls. Some studies showed that mental dysfunction, such as depression or cognitive impairment, may double the risk of falling. 39 In our study, however, older people with a history of falling had no worse cognitive performance or symptoms of depression than those without such history.
